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[57J ABSTRACT 

A photo sensor array includes at least one transparent 
substrate and a photo sensitive portion provided on the 
substrate. An optical fiber portion is arranged in a trans- 
parent substrate whereinto light from a radiating por- 
tion enters. An optical unit or sclfoc lens for transfer- 
ring an image to a photo sensor portion can be omitted 
so that the device can be miniaturized. A reader utiliz- 
ing the above photo sensor array is also disclosed. 

4 Oaims, 6 Drawing Sheets 
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FIGS. 5a, 56, 5c and Sd are views explaining various 

PHOTO SENSOR ARRAY AND READER WITH embodiments of electrodes and semiconductor layers; 

HEXAGONAL FIBER BUNDLES FIG. 6 is a schematic sectional view of a second 

example of a photo sensor array of the present inven- 

This application is a continuation of application Ser. 5 tion; 

No. 305,690 filed Feb. 3, 1989 now abandoned. FIGS, la and 7b are schematic sectional views of 

embodiments of readers of the present invention; 
BACKGROUND OF THE INVENTION piG. 8 is a view explaining the matrix wiring on a 
The present invention relates to a photo sensor array transparent substrate; 
and a reader, and more particularly to a photo sensor 10 FIG. 9 is a schematic sectional view of another em- 
array and a reader which require neither an optical unit bodiment of a reader of the present invention; 
or a selfoc lens nor etching step, and which can improve FIG- 10 « a schematic plan view of a third embodi- 
the yield of products. * photo sensor array of the present invention; 

Hitherto, singlccrystalline sensors such as CCD hav- 

ing a structure in which plural MOS sensors are linerly 15 FIGS, llo, lib, 11c and lid are views explaining 

arranged, or conUct-typc sensors using amorphous various embodiments of electrodes in the photo sensor 

semiconductor or CdS have been used as reading sen- present invention, 

sors in telecopier equipments and the like. However, in DETAILED DESCRIPTION 

singlecrystalline sensors, the size the of photo-receiving ^ , ^ ^ , 

portion is small, so that an optical device including, for . ^ P.^oto sensor array and a reader of the present 

example, a lens for converging reHected light from a ^^^^^^on are explained based on the accompanymg 

manuscript is required to be provided between the j^i. ir . ^ ^ . c i.* 

• * w ™^ ™*^^ T« FIGS. 1 and 2 show a first embodiment of a photo 

manuscnpt to be read and the sensor. In that case, an * • *• t mz-c t a 

■ * *• 1 • , A^^.i^^ sensor array of the present mvention. In FIGS. 1 and 2, 

appropriate optical path is required so that the device ' *^ ^ *u**^ 

• ^•/.y. 1 c * ™ 25 a photo sensor array comprises a transparent substrate 1 

inevitably becomes large. For contact-type sensors, the ■ . /-v a ■ 

w ivau/vvvv r.^. .. ^. .* ^ constituting a fiber array portion A comprising an opti- 

device can be mmialurued smce an optical path is not , c « ^ 1 ; , lo «™««o-J^f 

, . . -r ^ *i. cal fiber portion 5, and a sensor portion B composed of 

required due to the use of a selfoc lens. However, the ^ ^^^^ transparent electrode 2. a^emiconductor layer 3 

contact-type sensor has a drawback because a selfoc ^ ^^^/^ ^^^^^^^ ^ ^^^^ ^^^^^^^^ 2^ ^^^^^^ 

lens IS required to be provided on the photo sensor ^^^^^^ 3 ^^^^^ electrode are formed on the 

^"i?^" , ^ ^ ^ _r substrate 1 in this order. 

Recently there has been proposed a perfect-contact- ^ transparent substrate 1. a glass plate of about 0.5 

type sensor using amorphous semiconductor wherein a jq thickness and the like can be employed. The 

part of the semiconductor is removed (patterned) by an characteristic of a photo sensor array of the present 

etching process and the light is designed to enter mto 35 invention is that the transparent substrate 1 constituting 

the etched portion. This type of sensor has. however, a ^he optical fiber array portion A has an optical fiber 

drawback because of pinholes generated m the semicon- portion 5 arranged in the substrate and comprising opti- 

diictor layer during the etching process which lowers ^al fibers. Accordingly, the transparent substrate 1 itself 

the yield of the products. functions as an image-transferring plate. An optical unit 

The present invention was made to solve the above- 40 or selfoc lens for transferring images to a photo sensor 

mentioned drawbacks of the conventional photo sensor portion is not necessary. 

arrays, and it is an object of the present invention to it is preferable that the direction of optical fibers 

provide a photo sensor array and a reader which do not arranged in the transparent substrate 1 is substantially 

require an optical unit or a selfoc optical unit, and perpendicular to the surface of the substrate 1. The 

which can improve the yield of producte since an etch- 43 direction of optical fibers is not, however, limited in the 

ing treatment or the like, is not required for the semi- present invention and may be inclined to an angle not 

conductor layer. exceeding 45 dejgrecs as shown in FIG. 7b, 

SUMMARY OF THE INVENTION optical fiber portion 5 might be linearly arranged 

as shown m FIG. 3, or might be arranged planarly or 
In accordance with the present invention, a photo 50 two-dimensionally (not shown). Optical fibers might be 
sensor array comprises at least one transparent substrate so arranged that, for example, hexagonal bundles com- 
and a photosensitive portion provided on the transpar- prising optical fibers continue as shown in FIG. 4. The 
ent substrate. An optical fiber portion is arranged in a hexagonal bundles are arranged in a plurality of lines, 
transparent substrate on the light-incident side of the and about eight bundles corresponds to one cell of the 
photosensitive portion. A reader comprises a photo 55 photo sensor. The sectional area of an optical fiber is 
sensor array, a radiating portion Oighting portion), and preferably not more than one-half, more preferably not 
a driving circuit. more than one-fourth, of an area of the substantial pho- 
no ict: cvor AxiA-rtrtxi tuc T-ko au/txtoc tosensitive portion (such an area that the first electrode 
BRIEF EXPLANATION OF THE DRAWINGS second dectrode overkp each other, refer to sym- 
FIG. 1 is a schematic sectional view of a first embodi- 60 bol P in FIG. 1). In the specification, the terra "photo- 
ment of a photo sensor array of the present invention; sensitive portion" means— a portion generating an elec- 
FIG. 2 is a plan view of the photo sensor array of trical signal depending cm the incident light—. The 
FIG. 1; sectional area of an optical fiber is preferably not less 
FIG. 3 is a perspective view of an example of a trans- than O.l ftm^. A fiber comprising a core portion and a 
parent substrate having an optical fiber portion in the 65 clad, or a fiber further having a absorber outside the 
present invention; clad is employable. It is preferable that the area of the 
FIG. 4 is a partially enlarged plan view of the optical optical fiber portion 5 is larger than that of the substan- 
fiber portion in the transparent substrate of FIG. 3; tial photosensitive portion. In FIGS. 3 and 4, only a part 
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of the optical fibers is shown for the sake of understand- 
ing the drawings. 

As a material for the transparent first electrode 2, 
ITO, InzOi, Sn02, ZnOj and the like can be employed. 
The electrode 2 is formed on the transparent substrate 1 3 
by a sputtering method, a vapor deposition method, a 
GVD method and the like. On the ilrst electrode 2, a 
metal pad 6 for bonding wires to the electrode 2 can be 
formed by the vapor deposition method and the like. 

The semiconductor 3 includes an amorphous semi- 10 
conductor, and it is preferable to use a semiconductor 
containing Si as a main component. The semiconductor 
3 might be substantially solely composed of an i-type 
layer, or has a pi structure (such a structure that consists 
of a p-type doped layer and an i-type layer), a pin struc- 
tureor an in structure. Fu^er, such a semiconductor as 
having a structure of pipi . . . pi, pinpin . . . pin, or inin 
... in can also be used. That is, there can be used a 
semiconductor having a structure of a p-typc a-iSiC/i- . 
type a-Si/n-type a-Si, or p-type a-SiC/i-type Si/n-type 
a-SiC. The semiconductor layer 3 might be so formed 
that the light firstly enters the p-type semiconductor 
layer or n-type semiconductor layer. 

The semiconductor layer 3 is formed on the first 
electrode 2 and the transparent substrate 1 by an rf 
plasma CVD method, a light excitation CVD method, a 
thermal CVD method, a sputtering method and the like. 

As the second electrode 4, a metal electrode made of 
Al, Cr, Ni, Ni-Cr, Mo, Ag, Au and the like can be used, 
The second electrode 4 is formed on the semiconductor 
layer 3 and transparent substrate 1 by the vapor deposi- 
tion method or sputtering method. 

The thicknesses of the first electrode 2, semiconduc- 
tor layer 3 and second electrode, which vary depending 33 
on thjc materials used, are about from 300 A to 1 ^im, 
from 0.3 to 5 /tm and from 1000 A to 2 ftm, respectively. 

With respect to the constitution of the first electrode 
2 and second electrode 4, the first electrode 2 might be 
patterned and divided as shown in FIG. 5a while the 4^ 
second electrode 4 is formed into a common electrode, 
or the second electrode 4 might be patterned and di- 
vided as shown in FIG. 5c while the first electrode 2 is 
formed into a common electrode. Further, both elec- 
trodes might be patterned and divided as shown in FIG. 43 
5b. 

In the photo sensor array of the present invention, 
any one of a continuous semiconductor layer (see 
FIGS. 5fl, 56 and 5c) and patterned semiconductor layer 
(sec FIG. Sd) can be used. When the p-type layer or 30 
n-type layer made of a-SiC is used in the semiconductor 
layer 3, it is preferable to use a continuous semiconduc- 
tor layer since the resistance of the p-type layer or n- 
type layer can be made relatively high and accordingly 
cross talk between each photo element (or sensor) can 53 
be reduced. When both first electrode 2 and second 
electrode 4 are patterned, it is preferable that the area of 
the first electrode 2 is designed to be substantially equal 
to that of the second electrode 4. In the embodiment of 
FIG. 5^, either first electrode 2 or second electrode 60 
might be a continuous electrode. 

In the above explanation, a p-type semiconductor or 
an n-type semiconductor can be used in the semicon- 
ductor layer and the semiconductor layer 3 can be 
formed into a continuous one only Avhen electric con- 65 
ductivity of the p-typc or n-type layer contacting with 
the patterned electrode is not more than about 10-* 



In the above explanation, a transparent first elec- 
trode, a semiconductor layer and a second electrode are 
formed as a sensor portion B on a fiber array portion A 
comprising a transparent substrate. In the second em- 
bodiment of the present invention shown in FIG. 6, a 
first electrode 12, a semiconductor layer 13 and a trans- 
parent second layer 14 are formed as a sensor portion B 
on a first transparent substrate 11. The first transparent 
substrate in the sensor portion B and a second transpar- 
ent substrate 16 constituting a fiber array portion A are 
adhered to each other by an adhesion layer 15 made of 
transparent resin. 

As the first transparent substrate 11, a glass plate of 
about 0.3 to 2 mm in thickness and the like can be used. 
The first electrode 12, semiconductor layer 13 and 
transparent second electrode 14 respectively corre- 
spond to the second electrode 4, semiconductor layer 3 
and transparent first electrode 2 in the above-mentioned 
first embodiment. The forming methods thereof are the 
same as in the first embodiment. Further, various kinds 
of embodiments stated in relation to the first embodi- 
ment are also applicable to the first electrode 12, semi- 
conductor layer 13 and transparent second electrode 14, 

A transparent resin having an adhesion function can 
be used as a material for the adhesive layer 15. Exam- 
ples of the resin are, for instance, acrylic resin, epoxy 
resin and silicone resin. Usable resins are not, however, 
limited thereto in the present invention. 

The optical fiber portion 5 can receive the light from 
a radiating portion 7 at the back of the photo sensor 
portion, as shown in FIG. 76, since the adhesive layer 
15 is transparent 

The optical fiber portion 5 arranged in the second 
transparent substrate 16 constituting the fiber array 
portion A is preferably substantially perpendicular to 
the surface of the substrate 16 like in the case of the 
above-mentioned first embodiment. However, the opti- 
cal fiber portion 5 might, of course, be inclined to the 
surface of the substrate 16. 

The above explanation is based on embodiments 
wherein two electrodes (i.e. the fu-st electrode and sec- 
ond electrode) arc so arranged as to sandwich the semi- 
conductor layer therebetween. The electrodes might 
adapt a comblike arrangement as shown in FIG. 10. In 
the third embodiment of FJG. 10, a common electrode 
30 and a plurality of independent electrodes 31 are pro- 
vided on the semiconductor layer 3 formed on the trans- 
parent substrate 1. Each of a plurality of independent 
electrodes 31 is arranged between comblikc electrodes 
of the common electrode. Both of transparent electrode 
and metal electrode can be used for the electrodes 30, 
31. The electrodes 30, 31 might be formed on the semi- 
conductor layer 3 (see FIGS, tla and 116), or might be 
formed between the semiconductor layer 3 and the 
transparent substrate. 1 or first transparent substrate 11 
(see FIGS. 11c and lid). 

It is preferable to use a doped semiconductor, for 
example doped a-SiC or a-SiN, as a p-type layer or an 
n-type layer in the semiconductor layer 3, since the 
doped semiconductor layer facilitates the fabrication of 
relatively high resistant film and has a high sensitivity 
due to no photo absorption loss. 

In order to improve the heat resistance of the second 
electrode 4, a layer (not shown) comprising a silicide of 
Cr, Mo, Ni and the like might be formed between the 
semiconductor layer 3 and the second electrode 4. The 
heat resistant layer can be formed by the vapor deposi- 
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tion method or sputtering method. The thickness of the 
layer is about 20 to 300 A. 

Next, a reader of the present invention is explained. 
The reader of the present invention comprises a photo 
sensor array as stated above, a radiating portion (light- 5 
ing portion) 7, and a driving circuit 8. A fluorescent 
lamp, LED (Light Emitting Diode) and the like having 
a visible light spectrum are used for the radiating por- 
tion 7. IC (Integrated Circuit) is generally used for the 
driving circuit 8, The driving circuit 8 might be carried 10 
by the same substrate as the photo sensor array (see 
FIGS, 7fl and 7^), or might be carried by another sub- 
strate beforehand and then be bonded with the photo 
sensor array (see FIG. 9). In the reader of the present 
invention, any one of the photo sensor array of the first IS 
embodiment, second embodiment and third embodi* 
ment can be used. FIG. 7a and FIG. 9 show embodi- 
ments of readers wherein the photo sensor array of the 
first embodiment is used. In FIG. 7b, the photo sensor 
array of the second embodiment is used. The optical 20 
fiber portion 5 in the reader of FIG. 7b is so arranged as 
to be inclined about 20' to 30' with respect to the sur- 
face of the substrate. Numeral 9 in FIGS. 7a and 7fr is a 
manuscript to be read by the photo sensor array, and 
numeral 10 in FIG. 7a is a protective resin made of 25 
photo-setting resin, thermosetting resin and the like for 
protecting the photo sensor array and driving circuit 

When the photo sensor array and driving circuit arc 
carried by the same substrate, matrix wiring might be 
applied to the substrate as shown in FIG. 8 in order to 30 
reduce the number of driving circuits used. In FIG. 8, a 
part of substrate 21 whereon the matrix wiring is pro- 
vided is coated with photosensitive polyimide and the 
like. Small holes are made on portions C at which signal 
lines from photo sensors are connected to lateral signal- 35 
processing lines. 

According to the photo sensor array and reader of 
the present invention, the device can be miniaturized 
since an optical unit or selfoc lens for transferring an 
image to a photo sensor portion is not necessary. Fur- 40 
ther, the yield of the product can be remarkably im- 
proved since a semiconductor layer is not required to be 
etched. 

What is claimed is: 

1. A photo sensor array comprising: 45 
at least one transparent substrate; 

a photosensitive portion provided on the at least one 
transparent substrate, the photosensitive portion 
including 

a semiconductor layer including a layer made of 50 
amorphous silicon carbide at least on a light-inci- 
dent side, and 
two electrodes; and 
an optical fiber portion arranged in the at least one 
transparent substrate on the light-incident side of 55 
the photosensitive portion said optical fiber portion 
including closely-packed glass fibers forming hex- 
agonal bundles. 

2. A reader comprising: 
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a photo sensor array having 
at least one transparent substrate, 
a photosensitive portion provided on the at least 
one transparent substrate, the photosensitive 
portion including 

a semiconductor layer including a layer made of 
amorphous silicon carbide at least on a light- 
incident side, and 
two electrodes, and 
an optical fiber portion arranged in the at least one 
transparent substrate on the light-incident side of 
the photosensitive portion, said optical fiber por- 
tion including closely-packed glass fibers form- 
ing hexagonal bundles; 
a radiating portion; and 
a driving circuit. 

3. A photo sensor array comprising: 
at least two transparent substrates; 

a photosensitive portion provided on one transparent 
substrate, the photosensitive portion including 
a semiconductor layer including a layer made of 
amorphous silicon carbide at least on a light-inci- 
dent side, and 
two electrodes; 
an optical fiber portion arranged in another of the at 
least two transparent substrates on the light-inci- 
dent side of the photosensitive portion said optical 
fiber portion including closely-packed glass fibers 
forming hexagonal bundles; and 
an adhesive layer of transparent resin provided 
between said one transparent substrate and said 
another of the at least two transparent substrates, 
said adhesive layer preventing direct contact 
between the optical fiber portion and the photo- 
sensitive portion. 

4. A reader comprising: 

a photo sensor array having 

at least two transparent substrates, 

a photosensitive portion provided on one transpar- 
ent substrate, the photosensitive portion includ- 
ing 

a semiconductor layer including a layer made of 
amorphous silicon cai^ide at least on a light- 
incident side, and 
two electrodes, 
an optical fiber portion arranged in another of the 
least two transparent substrate on the light-inci- 
dent side of the photosensitive portion, said opti- 
cal fiber portion including closely-paced glass 
fibers forming hexagonal bundles, and 
an adhesive layer of transparent resin provided 
between said one transparent substrate and said 
another of the at least two transparent substrates, 
said adhesive layer preventing direct contact 
between the optical fiber portion and the photo- 
sensitive portion; 
a radiating portion; and 
a driving circuit. 



65 



02/04/2004, EAST Version: 1.4.1 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,032,718 
DATED : July 16. 1991 

INVENTORIS) : Satoru Murakami, er. al 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



On the cover page, Item [75], after "Kobe", delete ",", 
and insert therefor ~ ? Wcimine Hayashi, Kobe? Minori 
Yamaguchi, AXaShi; Takehisa Hakayaaa, Kobe; Yoshihisa Tawada, 
Kobe; Masataka Kondo, Amagasaki; Jun TaJcada, Kobe, all of — . 



Signed and Sealed this 
Twentv-ninth Day of December, 1992 



Attest: 

DOUGLAS B. COMER 
Attesting Officer Acting Commissioner oj Patents and Trademarks 



02/04/2004, EAST Version: 1.4.1 



